Little is known about the impact of the physical environment in psychiatric hospitals in general and, more specifically, to what degree it might contribute to in-patient aggression and the use of coercive measures. 7 To date, most studies are primarily focused on the impact of patient and staff characteristics. [8] [9] [10] Many studies are small, covering a single ward or hospital. In these small studies the physical environment is stable. Also, the impact of the physical environment on psychiatric patients' behaviour has not been systematically investigated. Some case studies consist of descriptive evaluations of moves from old to new buildings, and report for instance a reduction of psychiatric symptoms, improvement in ward atmosphere or reduced violence and vandalism. 11, 12 It is only recently that architects and psychiatrists have started to pay attention to the rationale and effects of physical design, encouraged by research in the field of environmental psychology and evidencebased design in other healthcare settings, such as general hospitals or nursing homes. These studies have demonstrated the impact of the physical environment on emotional states, behaviour and even patient outcomes. [13] [14] [15] The purpose of this study is to systematically explore the relationship between the various environmental design features of (locked) psychiatric wards and the incidence and prevalence of seclusion.
In the literature, seclusion is commonly defined as bringing a patient into a locked room where he or she is alone and able to move around. 16 Some authors paid attention to safety preconditions, design and atmosphere of seclusion rooms. They described a seclusion room as a specially designated area, minimally furnished, bare in such a way that the patient is unable to either accidentally or consciously damage or hurt themselves or others. 1, 16 These definitions make no distinction about the type of rooms or designated areas in which patients are locked up. This is of note because from the patient's point of view it makes quite a difference whether they are taken to an empty room, with the highest safety level, or to a designated area with personal attention and comforting surroundings. 17, 18 In Dutch mental healthcare several types of rooms are used for seclusion. There are rooms or designated areas with different designs, furnishings, atmosphere and safety levels, such as seclusion rooms, isolation rooms, 'time out' rooms or (stripped and lockable) bedrooms. In this study we focused on seclusion rooms. In these rooms the highest safety level is applied to the design and interior with a violence-proof finish and minimal use of furniture.
Large differences exist between wards in the use of coercive measures with respect to seclusion incidence and duration. In a large Dutch study of 12 mental health trusts the incidence of seclusion ranged from 116 to 948 incidents per 1000 admissions. 19 In a different study of 29 admission wards in seven mental health trusts the duration of seclusion varied between 1 to 157 hours per 1000 bed hours. 20 In the current study we assumed that part of the heterogeneity between wards could be explained by design features of the ward. Our research questions were: can design features (the physical environment) of the ward contribute to the risk of being
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Background
The physical environment is presumed to have an effect on aggression and also on the use of seclusion on psychiatric wards. Multicentre studies that include a broad variety of design features found on psychiatric wards and that control for patient, staff and general ward characteristics are scarce.
Aims
To explore the effect of design features on the risk of being secluded, the number of seclusion incidents and the time in seclusion, for patients admitted to locked wards for intensive psychiatric care.
Method
Data on the building quality and safety of psychiatric as well as forensic wards (n = 199) were combined with data on the frequency and type of coercive measures per admission (n = 23 868 admissions of n = 14 834 patients) on these wards, over a 12-month period. We used non-linear principal components analysis (CATPCA) to reduce the observed design features into a smaller number of uncorrelated principal components. Two-level multilevel (logistic) regression analyses were used to explore the relationship with seclusion. Admission was the first level in the analyses and ward was the second level.
Results
Overall, 14 design features had a significant effect on the risk of being secluded during admission. The 'presence of an outdoor space', 'special safety measures' and a large 'number of patients in the building' increased the risk of being secluded. Design features such as more 'total private space per patient', a higher 'level of comfort' and greater 'visibility on the ward', decreased the risk of being secluded.
Conclusions
A number of design features had an effect on the use of seclusion and restraint. The study highlighted the need for a greater focus on the impact of the physical environment on patients, as, along with other interventions, this can reduce the need for seclusion and restraint.
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secluded, while controlling for a range of potential confounding patient, staff and general ward characteristics? And if so, what are the implications of the findings for the design of psychiatric hospitals?
Method

Setting and data collection
To assess the relationship between the design features of the ward and coercive measures such as seclusion, we combined two major data sources in The Netherlands. First, data from a multicentre study on building quality and safety of 77 psychiatric hospitals 21 and second, a benchmark study on the use of coercive measures in 16 psychiatric hospitals. The data collection period for both data sources was restricted to exactly 1 year, 2009.
The first data-set concerned the design features of 505 locked wards covering 93% of all such wards in The Netherlands. The design features were collected on a site visit by a trained researcher and randomly by a second researcher, showing percentages of agreement between 80 and 90%, which is considered high. 21 A ward was defined as a physically distinct area with a 'private' entrance (which can be locked), several (bed)rooms, corridors and common spaces (living room, kitchen, garden, smoking area, etc.), shared by a fixed group of patients and staff. In most cases two or more wards together function as an organisational entity with the same staff. The type of ward was categorised into one of two groups: admission wards and non-admission wards. Admission wards were defined as wards that admit acute patients from a catchment area with no restrictions. In the non-admission wards, patients are admitted for treatment and rehabilitation or for specialised or forensic care. The target population of the wards was categorised as: adolescent and adult patients (15-65 years), and elderly patients (65 years and older).
The second database contained data from 199 wards on the use of coercive measures as well as patient and staff characteristics. Data on coercive measures were collected by using the Argus scale. 19 The Argus scale was completed on a day-to-day basis by nurses for those patients who experienced one or more coercive measures. The reliability of the Argus scale has proved to be fair to good (Cohen k = 0.64-0.92). 22 Data on patient characteristics such as date of birth, gender, ethnicity, marital status, the most recent ICD-10 23 and Global Assessment of Functioning (GAF) score 24 were collected from hospitals' patient information systems. Staff characteristics were collected by means of a survey covering items such as total number of nursing staff present on the ward during the day, evening and night (per shift) and the total number of staff available for patients on the ward, for example psychiatrists, doctors, psychologists or social workers.
Our final study sample consisted of 199 wards in 16 psychiatric hospitals in The Netherlands. It included data from 37% of all locked wards of hospitals with both rural and urban catchment areas. Our final data-set included data relating to a total of 2446 beds and 23 868 admissions of 14 834 patients.
Measures
Design features of the ward
The design features included in this study are those associated with the quality and the safety of the physical environment and the well-being of patients. A total of 115 variables per ward were observed, for example the type of rooms, the amount of private and public space (square meters), natural light and views, atmosphere and safety measures. These 115 variables were grouped into six theoretical concepts, i.e. 'families' . 25, 26 Variables that were not independent and variables with small variance were excluded. The Appendix provides an overview of the six families of design features, including the components that resulted from the non-linear principal component analysis (CATPCA) (a more detailed version, which includes all the design features, can be found in online Appendix DS1).
Outcome measures
The Argus scale measures in detail, on a day-to-day basis, the use of seclusion as well as other coercive measures, such as mechanical and physical restraint, enforced feeding, enforced intramuscular medication and other enforced treatment. Because we focused on the impact of the physical environment of the ward on seclusion, patients needed to be actually exposed to the ward. In other words, what happened elsewhere with a patient, either on another ward or prior to the admission, was not considered relevant in this study. Therefore all coercive measures used on the first day of admission were excluded. The primary outcome measure was the use of seclusion per ward. Due to a very skewed distribution of the number of seclusions, we constructed three outcome measures.
(a) Whether or not an individual was secluded during an admission on a ward.
(b) For those secluded, the number of seclusion incidents during an admission on a ward.
(c) For those secluded, the proportion of time they were secluded (the total seclusion time divided by length of stay).
The first and second measure were adjusted for length of stay. The second and third measure only concerned a subsample of the data (i.e. 1455 admissions, 141 wards).
Data analysis
Descriptive statistics were computed for patient characteristics at patient level and design features at ward level. We used CATPCA to reduce, as much as possible, the observed design features into a smaller number of uncorrelated principal components. These analyses were performed using SPSS Statistics, version 17.0 on Windows 7. We used CATPCA, the non-linear equivalent of standard principal components analysis (PCA), as the most important advantages of non-linear over linear PCA are that nominal and ordinal variables can be included and that non-linear relationships can be modelled. 27 A CATPCA was performed per family of design features. The CATPCA resulted in seven reliable components (Cronbach's a50.60) and 17 remaining variables (Appendix). These components and remaining variables were used to estimate the impact of the physical environment on coercive measures. Two-level multilevel (logistic) regression analyses were performed to explore this impact. Admission was the first level in the analyses and ward was the second level. These analyses were performed using the lme4 package (http://cran.r-project.org/web/ packages/lme4/) in the R-environment (http://r-forge.wu-wien.ac. at; Vienna, Austria) on Windows 7. Depending on the type of outcome variable (categorical or continuous), logistic or linear multilevel regression analyses were performed. The distributions of the second and third measure of seclusion were still positively skewed, therefore, in the analyses we used, respectively, the logtransformed and square root transformed variables. Correlation between the original and the transformed variables were 0.76 for the log-transformed and 0.95 for the square root transformed variable.
To reduce the number of design features in the analyses (and overcome problems of instability and overfitting), for each outcome measure, two series of multilevel analyses were performed. The first series were performed per family: only design features within a family were entered as predictors. From these solutions, the design features with a P50.20 were selected for further analyses (Fig. 1) . In a second series of multilevel analyses, two models were compared. The first model included the patient, staff and general ward characteristics as predictors. The second model included, in addition to these characteristics, all the design features that were selected in the first phase. To test whether the impact of the design features was significant, an analysis of variance (ANOVA) was performed using the goodness-of-fit statistics of these two models, and the increase in chi-squared was inspected.
Results
Descriptive statistics
Patient characteristics
The sample included 6882 women (46.4%) and 7952 men (53.6%), ranging in age from 10 to 100 years (mean 46.6, s.d. = 17.9). Most patients were diagnosed with schizophrenia, schizotypal and delusional disorders (29.8%), mood disorders (16.1%), personality disorders (12.2%) and disorders due to the use of psychoactive substances (10.4%). Table 1 shows the main patient characteristics per type of ward.
Ward characteristics
Of the wards included in the study, 46.2% (n = 92) were nonadmission wards, 41.2% (n = 82) were admission wards and 12.6% (n = 25) were forensic wards. autonomy of patients also scored relatively high. Almost all wards had an outdoor space available for patients (n = 192, 96.5%). The overall safety level was the highest on forensic wards, followed by admission wards and non-admission wards. ). In 94% of the admissions (n = 22 409), patients were not secluded. Most of the seclusions occurred on forensic wards and the proportion of time spent in seclusion during an admission was longer on forensic wards than on other wards (Table 3) . Table 4 gives the odds ratios (ORs) for each design feature associated with the risk of being secluded or not during an admission on a ward, when adjusted for patient, staff and general ward characteristics. Ethnic minority and marital status were not included due to the relatively large number of missing values, and univariate analyses revealed no association between these variables and the risk of being secluded. We will first describe how we arrived at this final model, and then interpret the odds ratios in Table 4 . From the first series of multilevel analyses, performed per family of design features, 14 design features were selected (Fig. 1) . The importance of a family to the prediction can be read from how many features per family were selected. The family 'safety' appeared to be the most important. From this family all design features were selected: special safety measures (such as the presence of special communication and warning systems), visibility on the ward (i.e. ward layout enables staff to see the patients -good sight lines, cameras) and the presence of a violence-proof finish (of walls, ceilings, doors and frames, locking devices and type of glass). A number of design features were also selected from the families 'privacy' (referring to the level of privacy of patients), 'comfort and control' (referring to the indoor ambient conditions and personal control of surroundings) and 'rooms for seclusion'. From the small family 'facility level' , only 'presence of a nursing station' was selected. From the family 'daylight, views and nature', only 'presence of an outdoor space or garden' was selected. It seems that the families 'facility level' and 'daylight, views and nature' are less important in comparison to other families.
Multilevel analyses: design features and seclusion
Then the second series of multilevel analyses were performed, which included all patient, staff and general characteristics, in addition to all 14 previously selected design features. Overall, the 14 selected design features had a significant effect on the risk of being secluded during admission (Dw 2 = 45.89, Dd.f. = 14, P50.001). Design features increasing the risk of being secluded were (Table 4) : 'presence of an outdoor space' (OR = 9.09), the availability of 'special safety measures' (OR = 1.60) and a large 'number of patients in the building' (OR = 1.01). Design features (5) 8 (9) 11 (44) Violence-proof finish, n (%)
12 (15) 8 (9) 6 (24) Observation by cameras, n (%)
19 (23) 24 (26) 12 (48) Patients have electronic pass/key, flexible access, n (%) 9 (11) 11 (12) 3 (12) Rooms for seclusion Total number of seclusion rooms, mean (s.d. 
Multilevel analysis: design features and other outcome measures
The analyses with the two other outcome measures for seclusion showed no significant overall effect, neither for the number of seclusions (Dw 2 = 10.66, Dd.f. = 6, P = 0.099), nor for the duration of seclusion (Dw 2 = 4.77, Dd.f. = 2, P = 0.092), while controlling for patient, staff and general ward characteristics. The impact of most of the selected design features, at the time the first series of multilevel analyses per family were performed, became non-significant once all other variables were entered into the model.
Discussion
Main findings
This study is based on a large number of wards, includes a large number of design features and covers all seclusion and restraint incidents recorded on these wards during a 1-year period. The findings suggest that the physical environment of the ward had a significant effect on the risk of being secluded during admission, even after patient, staff and general ward characteristics were taken into account. Although not described in detail here, similar effects were found when we looked at all coercive measures used during admission (total incidents per admission), as well as the risk of being secluded in a room other than a seclusion room, such as a time-out room, an isolation room or a stripped bedroom. The number of seclusions and the duration of separation showed no significant effects. This may be the result of the very skewed distributions of both variables.
Within the family of 'safety', all three design features showed significant effect on seclusion and were therefore included in the final multilevel analysis. From the families 'privacy', 'comfort and control' and 'rooms for seclusion', a number of design features were selected. From the other two families, only 'presence of a nursing station' and 'presence of an outdoor space or garden' showed significant effect within the family and were selected for the final analysis.
Overall, a higher risk of being secluded was detected for 'the presence of an outdoor space' , the availability of 'special safety measures on the ward' and a large 'number of patients in the building'. A lower risk of being secluded was found for more 'total private space per patient', a higher 'level of comfort' and greater 'visibility on the ward' . The finding of an increase in risk of seclusion with the presence of an outdoor space or garden is not consistent with the literature. Several studies have demonstrated that exposure to natural elements, such as a garden, is associated with increased positive affect, comfort, psychological well-being, recovery from fatigue and stress and fewer behavioural problems. Views of nature, landscape paintings, as well as indoor plants, have similar restorative effects among patients. 28, 29 However, our information was limited to two items: the presence of an outdoor space (yes or no) and the height of the fences. Other relevant information, such as the quality or attractiveness of the outdoor space or garden and whether or not patients actually had (free and/or unsupervised) access to the outdoor space, was not documented. This might have been useful in explaining the increased risk found in this study. Only 3.5% (95% CI 2.3-35.9) of the wards in our sample did not have an outdoor space. Therefore the effect of outdoor space might be biased. 'Special safety measures' such as the presence of locking devices on doors with delayed alarm and opening, door position monitoring and the type of communication system for staffpatient interaction that was used, also increased the risk of being secluded. This effect may well be explained by the impersonal, restrictive and institutionalised atmosphere that often occurs when special safety measures are being taken, especially on wards with a strong emphasis on safety. This might lead to responses such as anxiety, crowding, conflict and aggression that can culminate in seclusion and restraint. Studies indicate that unwanted and even threatening behaviours are associated with institutional settings. [30] [31] [32] On the other hand, visibility on the ward in our study decreased the risk of being secluded. It is often suggested that wards that rank high on visibility (i.e. cameras, wider corridors, good overview and sight lines) tend to have a more institutionalised, less pleasant atmosphere. However, visibility can also have beneficial effects for patients and staff and their (sense of) security. Our findings suggest that, compared with other safety measures, visibility is less intruding/intimidating or obtrusive for patients. Unobtrusive safety measures, that do not hinder a pleasant, more homelike atmosphere, seem to be preferable.
Factors decreasing the likelihood of seclusion were found for design features that related to the privacy and autonomy of patients, such as the total private space per patient, a small number of patients in the building and the level of comfort. Private space offers patients territorial control, feelings of ownership, identity, a sense of dignity and the ability to regulate social interaction, which all enhances the well-being of patients. It is also related to better adjusted behaviour and better functioning. [32] [33] [34] Lack of comfort and personal control over the physical environment can lead to distress and helplessness. 33 However, no effects were found for the total size of the ward, the facility level (type and number of common rooms, total common space) and the number of patients on the ward itself. This suggests that private space is more important than common space, when it comes to the risk of being secluded. However, other studies have demonstrated that spaces where patients can get away and be alone may buffer some of the harmful effects of crowding, increase well-being and can offer some distraction. 35 Limitations of the study A limitation of the study was that we could not include more variables that are associated with aggression and the use of coercive measures on psychiatric wards. At least three groups of variables are relevant to future research. First, the use of medication and treatment (including patient-staff communication). We only included the use of enforced intramuscular medication and could not include psychopharmacological treatments, which can mediate (disturbed) patients' behaviour as well. Second, the use of coercive measures is related to the culture and the attitudes of the staff towards coercive measures and restraint in general, work routines and the organisation. 36 Variables such as staff number, mix and training may also be relevant. 20 Third, a variety of initiatives can be used to reduce coercive and restraint, such as first-admission engagement, aggression training and risk assessment. Our information was limited in that we only asked whether measurements were taken (yes/no); we did not ask what kind of measurements were used. It may be, that these other variables, and their potential effects, are evenly distributed over the wards, which may be expected in the case of a large sample size like in our study.
Finally, we used a rather extreme and specific outcome measure to explore the impact of the physical environment on patients. Adding other outcome measures such as self-reported well-being, satisfaction, quality of life or other patient outcomes might have enabled us to discover a broader range of design features that may have a positive effect on patients.
Implications
Our study supports the idea that the physical environment of the ward has an effect on the use of seclusion and restraint. Adjusted effects were found for several design features, related to the privacy and autonomy of patients, the level of safety and the atmosphere of the ward. This emphasises the importance of reassurance, identity, privacy and normality, when designing wards for intensive psychiatric care. 37 It seems that obtrusive safety measures, at the expense of a pleasant homelike atmosphere, should be avoided. Our findings may contribute to a reduction of seclusion and restraint, and identify important elements that should be taken into consideration when designing psychiatric hospitals. The latter can be done by translating the findings into design recommendations, primarily using the findings from the multilevel analyses. The univariate relationships identified in this study, where we only controlled for patients' length of stay, may be attributed to hospital design and may add value for patients. Finally, our findings highlight that, along with other important interventions, 38 there should be a greater focus within mental healthcare on the role and function of the physical environment of the ward for the well-being of patients and reducing the need for seclusion and restraint. 
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